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PHYSICS.—Recent advances in the investigation of cosmic rays.' 
Tuomas H. Jounson, Bartol Research Foundation, Swarthmore, 
Pa., and research associate of the Carnegie Institution of Wash- 
ington. (Communicated by JoHn A. FLEMING.) 


Perhaps the greatest heritage we have from the early men of science, 
of whom Joseph Henry was an outstanding example, is the faith they 
have given us that it is worth while investigating any unknown natural 
phenomenon simply because it is unknown. Their experience has proved 
that the investigation of the smallest and apparently the least signi- 
ficant effects sometimes yields a rich reward. The investigation of the 
cosmic radiation began with a humble phenomenon that might have 
turned out to be a mere leakage across an insulating plug, and al- 
though we are not sure yet just what the rewards of the investigation 
in the material sense may be, we may be justly certain that the dis- 
coveries will have great human value, even if they result in nothing 
more than the filling in of the gaps of ignorance in our more complete 
knowledge of the properties of high energy radiations. 

The story of the discovery of the cosmic radiation is well known and 
need not be repeated in great detail. It will be recalled that in the 
years 1900 to 1910 the residual ionization in a gas-filled vessel, that 
part left over after all the known radiations had been eliminated, had 
proved remarkably stubborn, in spite of all attempts to change or stop 
it. If this ionization were caused by radiation originating in the earth, 
changes of location and of elevation should have had some effect; but 
experiments in which the instruments were taken out over lakes and 
up in towers showed that the radiation remained always in about the 
same amount, a small amount, to be sure, but one that with improv- 
ing technique became more i..d more certain of existence. Finally, in 
1913, Hess improved upon some earlier experiments of Gockel and 
carried an instrument up to about 5,000 meters above sea level in a 
free balloon. As he ascended he found a small increase in the ionization 
but an increase that now seemed to be quite definite. He interpreted 
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his results in a statement which I translate from the German as fol- 
lows: “‘The results of these investigations seem most readily to be ex- 
plained by the assumption that a radiation of very great penetrating 
power falls upon our atmosphere from above, and even in the lower 
levels it produces a part of the ionization observed in closed vessels.”’ 
This was the first definite suggestion based upon experimental find- 
ings of the existence of a cosmic penetrating radiation. Subsequent ex- 
periments by Kolhorster and Millikan confirmed Hess’s contention, 
and the horizon was cleared for the next step in the investigation. 

Were these rays found by Hess being generated in the highest layers 
of the atmosphere? Were they coming from the sun or the planets? Or 
were they emanating from some more distant part of the cosmos in 
remote spiral nebulae or in intergalactic space? In looking for an answer 
possible variations of the cosmic-ray intensity with time and with 
position on the earth were sought, to find if there were preferential 
directions in space from which the intensity was greater or less. To 
all these attempts the answer was always the same. The radiation 
was extremely constant as if it were proceeding from sources evenly 
distributed throughout the universe. Millikan, for example, found no 
change of intensity when the Milky Way passed below the horizon, 
and a number of experimenters found no variations from night to day 
or with the time of the year that they could be sure of with the tech- 
nique then in use. 

Still others in this early period were concerned with finding the 
energy of the cosmic-ray quanta, and for this purpose the absorption 
of the radiation in the atmosphere and in various other substances was 
studied. Results were interpreted on the assumption that the cosmic 
rays were like gamma rays, and absorption laws suitable for X-rays 
and gamma rays were extrapolated to the higher energies of the cosmic 
radiation. These laws when applied to rays of given energy implied an 
exponential variation of intensity with depth, the exponent depending 
on the energy, and the observed departures from an exponential law 
in the experimental curve were taken to be an indication that several 
different energies were present in the cosmic-ray spectrum. To find 
these energies the intensity-depth curve was resolved into a number 
of exponential curves (Fig. 1), each of which was supposed to repre- 
sent one component of the primary radiation. Having found the 
energies in this way it was tempting for one to speculate as to what 
processes might have produced rays of these energies. Perhaps the 
cosmic-ray spectrum could reveal facts about the universe just as the 
atomic spectrum had led to a thorough understanding of the structure 
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of the atom. A most alluring interpretation of the results was sug- 
gested by Millikan in his famous atom-building hypothesis, which 
drew attention to the agreement between the cosmic-ray energies 
deduced from the intensity-depth curve and the energy equivalent of 
the mass deficiency of some of the common elements as compared 
with the masses of their elemental particles. In the cosmic radiation, 
it was suggested, was living evidence of the creation of matter in the 
more complex forms from simple hydrogen. 


Fig. 1.—The intensity of the cosmic radiation is plotted as a function of depth be- 
low the top of the atmosphere expressed in terms of the equivalent number of meters 
of water. The resolution of the experimental curve into four exponential curves is also 
shown to illustrate how, in the earlier period of the investigation, the energy of the 
primary rays was “derived” from the experimental data. These Macsecdtowars curves 
corresponded to energies equivalent to the mass deficiencies of the elements indicated. 
(From Millikan and Cameron.) 


In retrospect this hypothesis was important not so much for its 
own sake as for the stimulus it gave to both believers and disbelievers 
in the pursuance of other investigations leading to new discoveries, 
discoveries that overthrew the original hypothesis and showed that 
the cosmic rays were not gamma-ray quanta but were in fact elec- 
trically charged particles. Up to that time it had been quite generally 
assumed that the primary rays entering the atmosphere from above 
were absorbed by interaction with electrons of the atoms in the at- 
mosphere. The theory of this type of interaction when applied to the 
observed curve led to the conclusion that the primary rays had 
energies ranging from 30 to 1,000 million volts. The ionization, accord- 
ing to this theory, would have been produced by the recoiling electrons, 
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and these were supposed to be much less penetrating than the primary 
gamma radiation. In 1927 Skobelzyn found the tracks of rays in his 
cloud chamber whose energies were at least as great as had been 
expected from the recoil hypothesis; but in 1929 Bothe and Kolhorster 
showed that these corpuscles were themselves as penetrating as the 
total cosmic radiation, and it was no longer necessary to consider the 
ionizing rays as secondaries to a more penetrating non-ionizing radia- 
tion, such as the gamma rays. The ionizing corpuscles might be the 
primary cosmic rays themselves. This was a new point of view sug- 
gesting new things to look for. 

If the primary rays were electrically charged corpuscles, the earth’s 
field should prevent those of lower energies from reaching the earth’s 
surface at the Equator where the horizontal component of the field is 
the strongest. Experiments by Clay had already indicated such an 
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Fig. 2.—The intensity of the cosmic radiation in the vertical direction is plotted 
against the latitude. The lower intensity near the Equator is due to the exclusion of 
the rays of lower energies from the equatorial belt by the earth’s- magnetic field. 
(From Johnson and Read.) 


equatorial deficiency, and the effect was soon confirmed and more 
accurately measured during the extensive geographic surveys con- 
ducted by Compton, Millikan, and numerous others (Fig. 2). 

In producing this equatorial deficiency the earth is acting as a huge 
magnetic spectrograph, resolving in effect the primary rays into a 
momentum spectrum. From a closer study of the phenomenon it 
soon became possible to determine how the primary rays were dis- 
tributed in energy. What the earth’s field actually does is to exclude 
rays whose energies are less than a certain critical value from an 
equatorial zone bounded on the north and south by parallels of equal 
magnetic latitude. The mathematical analysis for determining the 
critical energies as a function of the latitude had been started many 
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years ago by Stérmer, but the solutions of the equations could not 
be expressed in terms of known functions and his progress was slow. 
It remained for Lemaitre and Vallarta, with the help of the Bush 
differential analyzer, to complete the work, and now we know the 
lowest cosmic-ray energies accessible to each latitude. For example, 
rays must have energies in excess of 18 billion volts if they are to 
reach the earth at the Equator; 6 billion volts are required for the 
latitude of 40°. These energies were from 10 to 1,000 times more than 
those considered according to the older point of view. 
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Fig. 3.—Combined results of the measurements of east-west asymmetries. Ratio of 
east-west intensity difference to average intensity plotted against zenith angle. Sta- 
tions arranged in order of their latitudes and elevations. (From Johnson.) 

The figures cited apply to the rays that enter from the vertical 
direction, but there is also a strong dependence of the low-energy 
limit upon the direction at any given latitude. In the case of positive 
primary rays, the lowest energies are found near the western horizon, 
and negative rays enter with lowest energy from the eastern horizon. 
At the Equator positive rays of 10 billion volts have access to the 
west, but 75 billion volts are necessary for entry from the eastern 
horizon. If more rays are positive than negative, this dependence of 
the low-energy limit upon direction should give rise to an east-west 
asymmetry of the intensity, since rays of lower energy can contribute 
to the intensity on one side of the meridian but not on the other. 
Experiments with instruments that measured the intensity from 
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within a narrow cone of directions were made in the lower part of 
the atmosphere by the writer and by a number of other observers, 
and more intensity was found from the west than from the east at 
a corresponding angle from the vertical (Fig. 3). The results lent 
additional support to the hypothesis that the primary rays were 
electrically charged, and they showed that more of these rays were 
positive than negative. 

Besides establishing the validity of the corpuscular hypothesis, 
the experiments with the directional and latitude effects were able to 
determine what the initial energies of the primary rays were before 
their entry into the atmosphere, and this was an important aid in 
analyzing the processes by which the rays lose energy in traversing 
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Fig. 4.—Spectrum analysis of the intensity of the cosmic radiation at sea level with 
respect to the energy of the primary rays. The full-lined curve represents the measured 
intensities plotted against the low-energy limit. This intensity is contributed by 
primary rays of energy greater than that value. The derivative of the full-lined curve 
is represented by the dotted curve and it is equal to the intensity contributed by pri- 
mary rays within a unit range of energy about the value indicated by the abscissa. The 
sudden rise in the dotted curve at 6 billion volts may be mined rays of greater 
than this energy penetrate the atmosphere while rays of less energy do not, or it may 
indicate a lower intensity of primary rays of low energy. (From Compton and Turner.) 


the atmosphere. The differential intensity between two latitudes or 
between two directions could be identified with primary rays of given 
energy, and the intensity at any depth could be resolved into a kind 
of spectrum analysis with respect to the energy of the primary radia- 
tion. An analysis of this type based upon Compton and Turner’s 
measurements on the Pacific Ocean is shown in Fig. 4. 

From the total amount of the intensity difference between high 
and low latitudes we know that at least 15 percent of the sea-level 
intensity is produced by electrically charged primary rays whose 
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energies lie between 6 and 18 billion volts. The earth’s field is not 
strong enough to permit the analysis to extend to higher energies, 
and the remaining 85 percent of the sea-level intensity may be pro- 
duced by electrically charged rays of higher energies or it may be 
produced by neutral rays. 

The variation of the cosmic-ray intensity with latitude has also 
been studied by Bowen, Millikan, and Neher at levels up to within 
1 or 2 percent of the top of the atmosphere. Instruments were sent 
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Fig. 5.—The intensity-depth curves of the cosmic radiation at different latitudes 
obtained from balloon flights. Atmospheric depths are represented in equivalent meters 
of water. The peak intensity at the Equator is about 40 per cent of that found in higher 
latitudes. The difference is due to the rays of lower energies cut off by the magnetic 
field. (From Bowen, Millikan, and Neher.) 
up in free balloons, which were recovered after the flight and the 
records extracted. The dependence of the intensity upon latitude 
which they have found is shown in Fig. 5, where the ionization is 
plotted against depth in the atmosphere. From these curves the 
total energy brought in in each latitude can be determined by integra- 
tion. This quantity divided by the average energy of a primary ray, 
determined from the latitude, gives the number of primary rays 
incident upon unit area per second at each latitude. The differences 
in these numbers from one latitude to another give the numbers of 
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primaries in short ranges of energy, or, in other words, the spectrum 
of the primary cosmic radiation. When smoothed out into a continu- 
ous curve this spectrum is represented in Fig. 6. This shows the 
energy distribution of the cosmic radiation as it would appear to an 
observer in interstellar space. Eighty-five percent of the rays have 
an energy less than 18 billion volts; the remaining 15 percent may be 
charged rays of higher energy or they may be electrically neutral. 
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Fig. 6.—The spectrum analysis of the primary cosmic rays, based upon the balloon 
flight data of Bowen, Millikan, and Neher. In the upper diagram is plotted the curve 
showing the number of cosmic rays of different energies and in the lower diagram are 
the curves showing the distribution of the energy carried by primary cosmic rays and 
the energy carried by rays of energy greater than the value indicated by the abscissa. 
The latter curve has been plotted to fit the four points obtained from the experiments. 
(From Johnson.) 








The above analysis pertains to the primary rays before they enter 
the atmosphere. A magnetic analysis based upon similar principles 
has also been made of the rays present in the atmosphere at sea level. 
In this instance the curvature of the tracks of ionizing rays in the 
Wilson cloud chamber has been studied when a strong magnetic 
field is applied to the chamber. The smaller dimensions of the cham- 
ber with respect to those of the earth are compensated by a stronger 
field and an ability to detect smaller deflections, so that the upper 
limit to which this analysis extends is actually a little greater than 
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that of the geomagnetic analysis. The distribution of the ionizing 
rays found by Blackett is shown in Fig. 7, where the numbers of 
rays found at sea level within narrow ranges of energy are plotted 
against their energy. Here again the accurately measured energies 
extend up to about 20 billion volts, but in these experiments other 
rays of still higher energies, although undeflected in the strongest 
fields, may be recognized as electrically charged corpuscles from the 
fact that they produce tracks of ionization. 
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Fig. 7.—The energy distribution of the ionizing rays at sea level determined from 
measurements of curvatures of tracks in the cloud chamber with magnetic field. Ac- 
curately measured energies extend to 10 billion volts, rough measurements to 20 billion 
volts, but above this energy there are other corpuscular rays whose energies are so 
high that no curvature can be seen. The loop in the curve at 2.5 billion volts has not 
been explained. (From Blackett.) 

Beyond the range of the magnetic measurements other techniques 
indicate still higher energies of cosmic rays. From studies of the 
energy lost by rays in passing through unit thickness of matter it 
has been found that a ray loses about 3 million volts per centimeter 
of water. V. Wilson and others have detected cosmic rays to a depth 
of 1,200 meters of water, from which it may be concluded that some 
of the cosmic rays have energies in excess of 10" volts. Still higher 
er ergies are indicated by the study of the bursts of ionization that 
occasionally take place in an ionization vessel (Fig. 8). This phenome- 
non, discovered by Hoffmann, is now a matter of every-day observa- 
tion on the part of those who measure cosmic-ray ionization. The 
sudden release of ions within the vessel sometimes observed indicates 
that thousands of ionizing rays must have passed through the cham- 
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ber at one time. If these rays have the same average energy as the 
other cosmic rays, the total energy carried by them must exceed 10” 
volts. Since they occur simultaneously they must all have come from 
a single primary ray. These bursts have also been observed in the 
cloud chamber, and examples photographed by Fussell and Street 
are shown in Figs. 9 and 10. In Fig. 10 more than 100 rays are seen 
entering the chamber from nearly parallel directions, indicating that 
this is only a small sample of the burst that must have originated 
from some point well above the chamber. Some recent experiments 
by Janossy and Lovell, by Auger, and by Swann and Ramsey have 














Fig. 8.—An ionization burst recorded automatically in a vessel designed by Millikan 
and Neher. The sloping lines indicate the drift of the needle of the electroscope as the 
cosmic-ray ionization accumulates for a period of 15 minutes. The sudden break in 
one of the records was produced by the sudden release of ions attributed to the simul- 
taneous passage of at least 100 rays. (From Korff.) 


shown that bursts sometimes cover an area as great as 400 square 
meters and have energies up to 10" volts. 

These experiments show that at least a good part of the primary 
radiation previously characterized as unanalyzable, in the sense that 
it was impossible to tell from the geomagnetic effects whether it 
consisted of neutral rays or of electrically charged rays, must now 
be attributed to the latter. We can not avoid postulating the existence 
of the enormous energies required to reach the earth at the Equator 
by supposing the equatorial intensity is produced by neutral rays. 

The primary rays are electrically charged; but what kind of cor- 
puscles are they? Are they protons, electrons, or alpha particles, or 
are they some new kind of charged particle not represented in the 
familiar family of elementary particles? To answer this question we 
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may look to the interaction of the rays with matter for more evidence. 
Even in the earlier attempts to analyze the ionization-depth curve, 
as we have already indicated, there appeared to be several groups of 
cosmic rays of different penetrating power. Although these analyses 
were based upon the wrong hypothesis as to the nature of the primary 
radiation, the resolution of the observed curve into an absorption- 











Fig. 9.—A Wilson cloud-chamber photograph of a burst of rays emanating from a 
point in a piece of lead. Events such as these also account for the bursts of ionization. 
(From Fussell and Street.) 
coefficient spectrum (Fig. 11) shows two groups of rays so well de- 
fined that their apparent differences could not be attributed to the 
wrong method of analysis. The distinction between the two groups, 
at first attributed to a difference in energy, must now, in view of the 
studies of the latitude effect, be interpreted as a difference in some 
other property. Some of the soft rays so easily absorbed by the atmos- 
phere that none at all reach to a depth greater than 0.6 atmosphere 
are now known to be present at the Equator and to have energies 
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exceeding 18 billion volts. On the other hand, some of the hard rays 
capable of passing through the whole atmosphere are excluded from 
latitudes below 40° and are known to have energies less than 6 billion 
volts. Within this range of energies we find both hard and soft rays, 
and it is necessary to seek for some other difference than the energy in 
distinguishing the hard rays from the soft. 


Fig. 10.—-A large burst of nearly parallel rays entering the chamber from above and 
undergoing multiplication in the lead plates placed in the chamber. The rays here seen 
entering the chamber must have branched off from the primary particle at a consider- 
able distance above the apparatus and what is seen is probably but a small sample of 
the whole burst. These bursts sometimes cover an area of 400 square meters and con- 
tain rays whose energies total 10% volts. Because of their simultaneity the energy must 
have originated from a single primary ray. (From Fussell and Street.) 


Perhaps physicists would not have given up hope of explaining 
the absorption of the cosmic rays in the atmosphere without having 
to introduce the complexity of two different kinds of rays were it 
not for other more direct evidence requiring the same hypothesis. 
In the first place there were large differences in the energies lost by 
rays as they passed through lead sheets. This effect was studied in 
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the cloud chamber by Anderson and Neddermeyer and by Blackett. 
The energies of the ray before and after its transit through the lead 
were determined from the curvature of the track (Fig. 12), and the 
energy lost was plotted against the average energy (Fig. 13). In 
spite of the rather large fluctuations the rays seem to fall definitely 
into two groups, those for which the loss of energy is proportional 
to the energy, and the point falls along the 45° line in the figure, and 
those suffering slight energy losses independent of the energy of the 
ray for which the points fall along the axis. Even this evidence might 
have been attributed to fluctuations in the behavior of the rays were 
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Fig. 11.—An analysis of the ionization-depth curve into a spectrum of absorption 
coefficients based upon the assumption of exponential absorption. Although this law 
is now known to be invalid, the existence of the two well-pronounced peaks would not 
be altered in taking cognizance of the true absorption law. (From Eckhart.) 
it not for the additional characteristic noted by Anderson and Ned- 
dermeyer that the strongly absorbed rays represented by points on 
the 45° line were usually accompanied by other rays either emanating 
from the lead plate or entering the chamber from above, whereas 
the rays that lost little energy in the lead were rarely accompanied 
by other rays. Simultaneously with this discovery, Street and Steven- 
son found that rays able to penetrate great thicknesses of lead, up 
to 1 meter, seldom produced showers of secondary rays, whereas those 
that were easily stopped in lead produced frequent showers. Simul- 
taneous measurements of the energy in the cloud chamber showed 
that the difference in behavior was not associated with a difference 
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in energy. These and other experiments, not to be mentioned, defi- 
nitely showed that two kinds of cosmic rays appear at sea level, the 
hard rays making up about 70 percent of the total and the soft rays 
accounting for the remainder. At higher elevations the soft rays 
become more prominent and account for most of the intensity in 
the stratosphere. 

If one is to be able to identify different kinds of rays by their 
differences in behavior it is necessary to know how different kinds of 
rays behave. Unfortunately the necessary information can not be 
obtained by direct observation, for there is no laboratory technique 
for producing rays of known types with the energies of the cosmic 


Fig. 12.—Photograph of a ray losing energy in a lead plate. A greater curvature 
of the track in the lower half of the photograph is noted corresponding to a lower energy 
after it has emerged from the lead. (From Anderson.) 


rays. The only approach to the problem is through the theory. In 
this instance, however, the theory seemed to be particularly reliable 
in spite of its not having been put to rigorous test, and it was able, 
in the hands of Bethe and Heitler, to make some specific predictions. 
Two kinds of energy losses were described, the ionization losses as- 
sociated with the interaction between the ray and the electrons in 
the atoms of the absorbing matter, and the radiation losses arising 
from the nuclear encounters. For rays of given energy these two types 
of energy loss depend so differently upon the mass of the particle 
that this might be the key to the difference in the observed behaviors 
of the two types of rays. The ionization losses are inversely propor- 
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tional to the velocity, so that when two rays of different mass have 
the same energy the heavier one will ionize the more heavily. When 
the velocity approaches that of light the ionization ceases to vary 
with the energy and has a low density. The energy at which the ion 
density reaches this low value depends upon the mass and is about 
equal to the mass energy mc.? The radiation losses, on the other hand, 
increase with the energy in proportion to it, but the absolute value 
of the losses experienced by this process depend upon the inverse 
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Fig. 13.—The loss of energy per unit thickness of lead plotted against the average 
energy. Rays that are mere. pron by other rays are indicated by the open circles. 
Rays that — showers of rays in the lead plate are indicated by tails and single 


rays are indicated by the black dots. The points appear to fall into two groups, those 


that lose little energy and fall along the axis and those that lose energy in proportion 
to their energy and fall along the 45° line. The latter group are also distinguished by 
their shower-producing tendency and their frequent occurrence along with other rays. 
(From Anderson and hecdesceneer:) 


square of the mass. Thus a proton loses energy by this process only 
one four-millionth as rapidly as an electron of the same energy. In 
the case of the electron the theory showed that the radiation losses 
should equal the ionization losses at an energy of 1.5 million volts, 
and for higher energies it should predominate. Protons, on the other 
hand, lose energy principally by ionization until their energy exceeds 
10” volts. 

The quantum theory foretold another phenomenon that proved of 
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great importance in the identification of the rays, for it predicted 
that the radiation lost by the particles during nuclear encounters 
would soon appear again in the form of a pair of positive and negative 
electrons created as the quantum passes through a nuclear field. 
Thus rays that lose energy by radiation could be identified by their 
family of secondaries. 

In comparing the theory with the experimental results it was 
found that the observed energy losses of the soft component in the 
cloud-chamber experiments (Fig. 13) were just those to be expected 
if the rays concerned were electrons. The secondary rays observed 
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Fig. 14.—Logarithmic plot of the increments of intensity in the atmosphere be- 
tween two latitudes attributable to rays of definite energies (represented by the points) 
and the curves showing the theoretical variation of the intensity to be expected from 
Be — = processes if the primary rays are electrons of these energies. (From 

uler. 


by Anderson and Neddermeyer accompanying the rays whose energy 
losses were large were also in the right proportion to be accounted 
for by the pair-formation process described by the theory. The theory 
based upon the primary electron hypothesis was equally successful 
when applied to the variation of the intensity in the upper atmos- 
phere by Carlson and Oppenheimer and by Bethe and Heitler. If 
the primary rays were electrons of the energies determined by the 
latitude effect the multiplication provided by the radiative and pair- 
formation processes gave just the observed increase of intensity 
over the first part of the curve (Fig. 14), and it explained the first 
part of the downward slope. 
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A third important success of the theory pointed out by Montgom- 
ery and Euler was its ability to account for the observed frequency 
and size distribution of the bursts and showers of rays observed in 
the ionization chamber. This was accomplished without the introduc- 
tion of any ad hoc hypotheses but merely from consideration of the 
fluctuations if the elementary processes of radiation and pair forma- 
tion were independently occurring events, taking place with the a 
priori probabilities indicated by the theory. 

In every respect, in the cloud chamber, in the atmosphere, and in 
the ionization chamber, rays of the soft component were behaving as 
electrons obeying the theory should behave. Even though the theory 
was not previously proved in this range of energies and even though 
it was not known that the soft rays were electrons, the combination 
of circumstances gave potent support to both hypotheses. 

The hard rays on the other hand were not behaving as electrons, 
for they experienced no large losses of energy like the radiative losses 
of the soft component, and there were no positive and negative pairs 
of electrons being produced by them. If these rays were to be de- 
scribed by the theory it would be necessary to ascribe to them a mass 
somewhat larger than that of the electron. 

The first guess was naturally that the hard rays were pare To 
be sure, they occurred with both signs of charge in about equal num- 
bers, but this aspect of the situation was not objectionable for physi- 
cists with their love for symmetry had been looking for negative 
protons. However, this hypothesis was of short duration, for tracks 
of hard rays were found in the cloud chamber with a low density of 
ionization indicating an energy greater than the mass energy, but 
simultaneous measurements of their curvature in a magnetic field 
showed that this energy was less than the mass energy of the proton. 
If the theory applied these rays would have to have a mass in between 
that of the electron and of the proton. No particle of this type was 
previously known and it became necessary to admit into the family 
of elementary particles a new member christened the mesotron, from 
the Greek stems indicating a ray of intermediate mass. 

Further more careful studies of some of the slower mesotron tracks 
showed that they began to thicken when their energy fell below 10° 
volts, and it was concluded that the mass was about one-tenth that 
of the proton. A mesotron track photographed by Williams and 
Pickup is shown in Fig. 15, where it may be compared with the 
thinner but more sharply curved track of a faster but less energetic 
electron. An equally curved track of a proton would have been 100 
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times more dense and a proton track of equal density would have 
shown no detectable curvature. Thus there can be no mistake in 
distinguishing these rays from either protons or electrons, although 
a high accuracy has never been claimed in the actual determination 
of the mass. 

As already noted, the first part of the ionization-depth curve is 
satisfactorily accounted for by primary electrons. It would be hoped 
that the variations of intensity at the greater depths where the hard 
component predominates might be accounted for in terms of the 
properties of the mesotron. Indeed, if one takes the energy distribu- 
tion found from the cloud-chamber analysis at sea level and calculates 


ES a 


Fig. 15.—A mesotron track photographed by Williams and Pickup (the straighter 
track) compared with the track of an electron. The thinner electron track means that 
the ray was moving with a higher velocity, but its greater curvature indicates a lower 
momentum. The two conditions are consistent if the mesotron has a larger mass. 
what mesotron intensities there should be at various depths below 
sea level, the result is in satisfactory agreement with the experiments, 
but if one works backward and calculates what energy the primary 
rays must have had before their entry into the atmosphere, the calcu- 
lation shows energies less than could have been admitted through the 
magnetic field. The energy losses contemplated by the theory can 
not account for the difference between the observed sea-level energies 
and those that the primary rays must have had. Since the theory 
is complete in its description of what happens below sea level we 
must admit that the mesotrons are not primary rays but that they 
have been produced near the top of the atmosphere by some other 
more energetic primary radiation. 
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There are two other important arguments leading to this same 
conclusion. In the first place, the east-west asymmetry of the hard 
rays at sea level near the Equator shows that the primary rays are 
predominantly positive. The cloud chamber analysis, on the contrary, 
shows equal numbers of positive and negative mesotrons at sea level. 
The second argument is based upon the evidence that a mesotron is 
unstable and could not have survived a long time in interstellar 
space without having disintegrated into an electron and a neutrino. 
Perhaps a digression from the main thesis would be allowed for a 
brief description of this evidence. 
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Fig. 16.—The intensity of cosmic rays under water and under equal masses of air. 
The greater intensity is found under the more dense medium where the time of transit 


is least. The effect is explained if the mesotrons are unstable and have a mean life of 
the order of 2X 10-* seconds. (From Ehmert.) 





The first hint of an instability of the mesotron component appeared 
in a theory of Yukawa in which a particle of mass like that of the 
mesotron found in the cosmic radiation was invoked for an interpreta- 
tion of nuclear forces. The connection was vague, and it is doubtful 
if any significance would have been attached to the instability pre- 
dicted by Yukawa for his nuclear particle were it not for the fact that 
the same property was needed to account for certain unexplained 
effects in the cosmic radiation. Ehmert had measured the intensity 
of the cosmic radiation under air and under equal masses of water 
(Fig. 16) and had found that although these substances differ only 
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in regard to their density, the one-thousand-fold denser water was 
the more transparent to the cosmic radiation. A similar effect was 
found by Ehrenfest and Freon when they compared the intensities 
of rays that had traversed equal masses of air at different pressures 
(Fig. 17). Both experiments could be explained by the instability 
hypothesis, for the greater intensity was always found along the 
path requiring the least time for transit from the upper atmosphere. 
Mr. Pomerantz and the writer have recently repeated these experi- 
ments under more favorable circumstances by comparing the in- 
tensities under an equivalent of two atmospheres of air made up in 
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Fig. 17.—Curves showing the cosmic-ray intensity as a function of the mass of 
absorbing matter traversed. The dotted curve is that obtained from measurements 
in the atmosphere in the vertical direction. In the other curves the instrument was 
inclined with respect to the vertical and the measurements carried out at four eleva- 
tions. (From Ehrenfest and Freon.) 


the first instance of the vertical path through the atmosphere and the 
equivalent of one atmosphere of water in a cylindrical tank above 
the instrument, and in the other instance by the air path along the 
inclined direction 60° from the vertical. These measurements indicate 
a mean life of the mesotron when at rest of 2.5 X 10-* seconds. Because 
of a relativity transformation of the time scale when passing from the 
reference frame of the mesotron to that of the observer the mean life 
increases with the energy, and this is a phenomenon that has also 
been confirmed in these experiments. The products of disintegration 
are electrons and neutrinos. Euler has shown that the energy distribu- 
tion and the intensity of the soft component at sea level is just that 
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to be expected if it consists of the disintegration electrons from the 
hard component. Thus there is experimental evidence from many 
angles that the mesotrons are unstable, and although this presents 
some interesting problems of its own its bearing upon the main 
thesis is that it requires the mesotrons in the atmosphere to be 
secondaries of some other type of stable primary radiation. 

Perhaps the simplest assumption is that the primaries of the meso- 
trons are the electrons, which as we have already seen, account 
satisfactorily for the soft component. If these produce mesotrons by 
impact with the nuclei in the upper atmosphere they might also 
account for the hard component. This has been a tempting idea and 
one which has formed the basis of several theoretical discussions of 
the probability of mesotron production, but it now appears to be no 
longer tenable, because of some very recent results. 

It has already been noted that the east-west asymmetry of the 
cosmic radiation at sea level shows that the primaries of the mesotron 
component are positive. If these primaries are the electrons of the 
soft component all other secondaries produced by them should also 
show the same east-west asymmetry, and at the top of the atmos- 
phere where the intensity is produced in such large measure by the 
field-sensitive rays, as shown by the latitude effect, the asymmetry 
should be at least 10 times greater than that found at sea level. Dr. 
Barry and the writer have just completed experiments to test this pre- 
diction by measuring the relative intensities of the radiation from the 
east and the west near the Equator at very high elevations. Unidirec- 
tional recording instruments set at an angle just above the horizon 
were sent up in free balloons to within a few percent of the top of the 
atmosphere and there allowed to rotate about a vertical axis. The 
orientation as well as the cosmic-ray intensity and barometric heights 
was communicated to the ground station by radio signals automati- 
cally sent out from the balloon. Five flights of this nature gave results 
that agreed with one another in showing that the asymmetry was 
no more than could be accounted for by the hard component alone 
and that the soft component primaries must consist of equal numbers 
of positives and negatives. If the soft component primaries had been 
as predominantly positive as those of the hard component the asym- 
metry would have been at least 8 times more pronounced than that 
observed. Since the soft component primaries are equally positive and 
negative, while the hard component primaries are entirely positive, 
the two components must be produced by different primary rays, 





254 JOURNAL OF THE WASHINGTON ACADEMY OF SCIENCES VOL. 29, No. 6 


the soft component primaries consisting of equal numbers of posi- 
tive and negative electrons, and the primary rays of the hard com- 
ponent consisting of practically 100 percent positive rays whose only 
other known property is their stability to withstand long times of 
transit through interstellar space. 

These rays are not electrons and they are not mesotrons. Perhaps 
then they are protons. Arguments against this hypothesis have been 
advanced. Protons losing energy by ionization alone should reach sea 
level in large numbers, and they should be identifiable from the 
character of their track and their curvature in the cloud chamber 
after they have been slowed down to an energy comparable with 
their mass energy of 10° volts, but numerous attempts have failed to 
find any trace of primary protons. The theory, also, though still 
very vague, fails to find any very good reason why protons should 
produce mesotrons. On the other hand, if protons produce mesotrons 
perhaps the same interaction could explain why protons do not reach 
sea level and the hypothesis might still be allowed. 

Another approach to the problem is through a consideration of the 
properties of interstellar space from which the particles arrive. Swann 
has pointed out what enormous potential differences would exist 
between points in space if all or any appreciable fraction of the pri- 
mary radiation were made up entirely of charges of one sign. If, for 
example, one-tenth of the primary radiation consisted of positives 
unneutralized by an equal number of negatives, potentials of 10°’ 
volts would exist between two points separated by a distance of 1 
light year, and the potentials go up as the square of the distance. The 
fact that cosmic rays come to us at all is the best possible evidence 
that there is no space charge in interstellar regions. Any element of 
volume must have equal numbers of positive and negative rays within 
it. It is also easy to see that the positives and the negatives must be 
moving with statistically equal velocities, for otherwise there would 
be more charges of one sign than of the other passing out through a 
closed surface surrounding the source and the source would go on 
charging up to an infinite potential and shut off the primary beam. 
The only way to realize a steady potential at the source and at the 
same time to have a neutral intergalactic space is to have equal 
numbers of positives and negatives in each element of volume both 
moving with the same velocities. 

But how then can one find more positive than negative cosmic rays 
in any given range of energy as the rays impinge upon the earth? 
The answer must be that positive and negative rays of equal velocity 
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do not possess equal energies. They must have different masses. 
Since the energies of two rays of equal velocities are in proportion 
to their rest masses, a proton moving with the same velocity as an 
electron would have 2,000 times more energy. When these encoun- 
tered the earth’s magnetic field, the more energetic proton would pass 
on through while the electron would be turned back into space, and 
the primary rays would appear to be entirely positive. From this 
point of view, therefore, we can account for the preponderance of 
positive rays in the primary beam by merely assuming that the 
positives have the greater mass. 

If we consider the source of the cosmic radiation in a little closer 
detail we can see that this picture of the primary radiation is also 
consistent with what we might expect if the source is composed of 
ordinary matter. If some mechanism, such as the thunderstorm, were 
producing high-energy rays of either sign, these would be propelled 
outward leaving the opposite charge on the source. In this field ions 
of sign opposite to that of the initial rays would be accelerated out- 
ward, while the initial rays would be decelerated. Finally, at a suffi- 
ciently great distance the two would have the same velocity and the 
positives with the greater mass would have most of the original 
energy. 

If the initial rays were electrons, the soft component primaries 
could also be accounted for in the same picture, for the initial elec- 
trons before their deceleration would have produced positive and 
negative pairs as they were passing outward through the atmosphere 
of the source. If this multiplication takes place according to our 
present knowledge of pair formation, these would have the energy 
distribution which is observed, and they would consist of equal num- 
bers of positives and negatives moving with statistically equal veloci- 
ties, just as is observed. 

In this way we can account for all the observed rays in the primary 
beam, but it is also necessary to account for the absence of gamma 
rays. If the soft component is produced by pair formation at the 
source, there should also be a nearly equal number of gamma rays 
in the primary beam, which should show itself as a component not 
sensitive to the magnetic field of the earth, and yet the latitude 
effect shows that at least 85 percent of the primary rays are electri- 
cally charged. One possible solution of this difficulty has been sug- 
gested by Alfven who considers the possibility of the existence of a 
galactic magnetic field. If the source of the radiation is within the 
galaxy the electrically charged rays would spiral around in planetary 
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orbits within a region from which they could never depart while the 
gamma rays would pass freely out and be lost in intergalactic space. 
This idea of a galactic source trapped by a magnetic field is also 
supported by the experiments of Compton and Getting, which have 
shown that the diurnal variation is less than is consistent with an 
extragalactic source when the proper motion of the solar system due 
to the rotation of the galaxy is taken into account. 

Where the source is, we may not yet say, but some recent evidence 
found by Forbush in the very important program of the Carnegie 
Institution for the study of the time variations of the intensity show 
the presence of some unexplained variations of the intensity asso- 
ciated with magnetic storms and other long-time variations that may 
have the period of the sun-spot cycle. If these éffects are produced 
by solar influence—as they seem to be—a source of cosmic rays may 
be.considerably closer to us that we have heretofore imagined. 


BOTAN Y.—Concerning Ardisia crispa (Thunb.) A. DC. and A. 
crenata Sims, confused species of Myrsinaceae from eastern Asia. 
Easert H. Waker, U.S. National Museum. 


The name Ardisia crispa is usually applied to a woody plant of 
eastern Asia commonly cultivated in greenhouses in Europe and the 
United States, although this species is sometimes called Ardisia 
crenata. In Japan, where it is also cultivated, it is known under 
various names.’ It was originally described as Bladhia crispa by the 
Swedish botanist Thunberg* in 1784. In 1817 the English horti- 
culturist Loddiges published an illustration of a shrub recently in- 
troduced from China, which he named Ardisia crenulata but did not 
describe. The following year this plant was described and renamed 
Ardisia crenata by the English botanist Sims. In 1834 Alphonse 
DeCandolle in his review of this family (Trans. Linn. Soc. London 
17: 95-138. pl. 4-8) transferred Bladhia crispa Thunb. to Ardisia, 
but his description and the fact that he cited A. crenata Sims as a 
synonym show that he misunderstood Thunberg’s species and mis- 
applied his name to the plants illustrated by Loddiges and by Sims. 
This mistake has resulted in long-continued confusion, which was 
only recently clearly resolved by Dr. H. Handel-Mazzetti in his 
Symbolae Sinicae (Teil 7: 755-756. 1936). He examined Thunberg’s 


1 Published by permission of the Secretary of the Smithsonian Institution. Re- 
ceived March 13, 1939. 

2 See formal synonymy below. 

’ For precise references see the formal synonymy. 
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type specimen, preserved in the herbarium at Upsala, and found that 
it is not the same as that of Sims but is the same as A. hortorum 
Maxim. published in 1865 and A. Henryi Hemsl. published in 1886. 
Because of the misapplication of this name by DeCandolle and its 
perpetuation in literature, Dr. Handel-Mazzetti rejects Thunberg’s 
name, calling it a ‘nomen confusum,” and takes up the next oldest 
name A. hortorum Maxim. as the valid one for Bladhia crispa Tnunb. 
However, since DeCandolle based his name Ardisia crispa on Thun- 
berg’s species, the types are the same regardless of his misapplication. 
Therefore Bladhia crispa Thunb., transferred to Ardisia as A. crispa 
(Thunb.) A. DC., must be applied in its original sense. This interpre- 
tation is also presented by Dr. A. Rehder in his treatment of the 
woody plants described by H. Léveillé (Journ. Arnold Arb. 18: 232. 
1937). 

Ardisia hortorum was described by the Russian botanist Maxi- 
mowicz from live material from Japanese gardens. He contrasts it 
with other living specimens growing in the St. Petersburg botanical 
garden under the name Ardisia crispa A. DC. (A. lentiginosa Ker) 
and with A. punctata Lindl. 

Ardisia Henryi Hemsl. was described from specimens collected in 
Hupeh Province, China, by Augustine Henry, nos. 3455 and 3972, 
and by E. Faber from Szechwan, all of which have been examined by 
Dr. Handel-Mazzetti. The writer has examined duplicates of the 
Henry specimens at the United States National Herbarium, the Gray 
Herbarium, and the Arnold Arboretum and a specimen at the New 
York Botanical Garden designated as Faber 172 from Szechwan, 
which conforms with the Henry specimens and which probably is a 
duplicate of the collection cited by Hemsley. Handel-Mazzetti’s plac- 
ing of this species with Bladhia crispa Thunb. through comparison of 
types, and with Ardisia hortorum Maxim., is confirmed by the 
writer’s studies of many specimens and much literature. In respect 
to published descriptions there is considerable diversity in characters 
used. Too great reliance seems to have been placed on punctation 
and other variable leaf factors. The characters used in this paper to 
differentiate these species have been selected after 10 years’ study of 
the eastern Asiatic species of this family. The characters used by Dr. 
Carl Mez in his monograph of this family (Pflanzenreich 9 (IV. 236) 
1902) have proved unreliable. Furthermore, his inclusion of these 
two distinct species along with one other under the name Ardisia 


‘ He has very kindly sent the writer a carefully prepared drawing of a leaf by which 
Thunberg’s and Hemsley’s species have been further confirmed as identical. 
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crispa (Thunb.) A. DC. has continued the confusion started by 
DeCandolle’s error. 

The specimens upon which the present paper is based will be cited 
in the writer’s revision of the eastern Asiatic Myrsinaceae. 


KEY 


. Stems minutely puberulent or lepidote when young; leaves membranous, 
rarely punctate beneath, the margin entire or wavy, not crisped-un- 
dulate; sepals not at all or sparsely punctate; stems usually conspicuously 
elongating above the special flowering branches.............. A. crispa 

. Stems glabrous when young; leaves chartaceous or coriaceous, usually 
raised-punctate beneath, the margin usually crisped-undulate; sepals 
scattered-punctate; stems usually not conarte ied elongating above 
the special flowering branches A. crenata 


Arpisi4 crispaA (Thunb.) A. DC. Fig. 1 


Bladhia crispa Thunb. Fl. Japon. 97. 1784. “Crescit in insula Nipon.” 
The type, in the herbarium of the University of Upsala, has been 
examined by Handel-Mazzetti (Symbolae Sinicae, Teil 7: 756. 1936). 

Ardisia crispa (Thunb.) A. DC. Trans. Linn. Soc. 17: 124. 1834; DC. 
Prodr. 8: 134. 1844. Based on Bladhia crispa Thunb. but mis- 
applied by DeCandolle. 

Ardisia hortorum Maxim. Gartenflora 14: 363. pl. 491. 1865. Based on 
cultivated plants at the St. Petersburg botanical garden, received from 
cultivation in Japan. 

Ardisia Henryi Hemsl. Journ. Linn. Soc. Bot. 26: 65. 1889. Based on 
Kew specimens of Henry 3455, 3972 from Hupeh (duplicates seen at 
the U. S. National Herbarium, the Gray Herbarium, and the Arnold 
Arboretum), and Faber (without number) from Mount Omei, Szechwan 
(probable duplicate seen at the New York Botanical Garden, there 
designated as Faber 172). 

A shrub or undershrub up to 1.5 m high, the erect stem unbranched except 
for the special flowering branches, usually minutely puberulent or lepidote; 
leaves membranous, elliptic-lanceolate or narrowly oblong-lanceolate, acute 
to long and slenderly acuminate, 6 to 15 cm long, 1.5 to 4 em wide, entire 
or wavy with marginal glands, usually finely lepidote and raised-punctate 
beneath, the lateral nerves about 8 pairs, the marginal nerve very obscure 
or wanting; inflorescences usually simple, sometimes compound, subumbel- 
late, terminal on special slender lateral branches 5 to 10 cm long, these 
usually with a few normal or reduced leaves near apex, glabrous, lepidote 
or minutely puberulent, usually several in axils of the lower leaves or below 
them; flowers white, 4 to 5 mm long, the sepals 1.5 mm long, oblong-ovate 
or lanceolate, acute or narrowly rounded, not at all or sparsely punctate, 
the anthers not punctate on back; fruit 5 to 6 mm in diameter, somewhat 
punctate. 

Japan to Szechwan. 


Ardisia crispa var. amplifolia Walker, var. nov. Fig. 2 


Frutex 1-2 m altus, ramulis crassiusculis asperis; folia circa 25 cm longa, 
5 em lata, elliptico-lanceolata vel lanceolata, subtus obscure punctata, 
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glandulis marginalibus donata, nervis lateralibus 13—20-jugis subtilibus in 
nervum marginalem non confluentibus; inflorescentiae simplices subumbel- 
latae, in ramulis specialibus brevibus in anthesi fortasse foliaceis terminales; 





Fig. 1—(1) Ardisia crispa (Thunb.) A. DC: a, Whole plant with inflorescences, 
<4, drawn from Henry no. 3455, at the Arnold Arboretum; 6, corolla and stamens, 
X34; c, stamen, back view, X34; d, flower with corolla removed, 3}. Details drawn 
from Henry no. 6365, in the U. 8. National Herbarium. 

(2) Ardisia crispa var. Dielsit (Léveillé) Walker: Stem with inflorescences, X }. 
Drawn from Henry no. 13279, in the U. S. National Herbarium. 


sepala 2 mm vel minus longa, glabra, non punctata; fructus 5-6 mm longus, 
rubescens, non punctatus. 

Type in the United States National Herbarium, no. 457204, collected by 
A. Henry in the mountains south of Mengtze, Yunnan, no. 9653; duplicates 
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at the New York Botanical Garden and the Arnold Arboretum. Additional 
specimens seen are Henry 9653A and 9653B, both from the same locality 
and deposited in the New York Botanical Garden. 

This variety differs from the typical form of the species in having thicker, 
rough stems, and larger and broader leaves with about twice as many 
lateral nerves. 


Ardisia crispa var. Dielsii (Léveillé) Walker, comb. nov. Fig. 1 (2) 


Ardisia Dielsii Léveillé, Repert. Sp. Nov. Fedde 9: 461. 1911. Based on 
Bodinier (L. Martin) 1636 (erroneously cited as L. Martin 1636), 
collected June 1, 1898, in rocky woods on the college hill at Kouy-Yang, 
Kweichow, deposited in the Léveillé herbarium, now at the Royal 
Botanic Garden, Edinburgh. The type has been examined by the writer. 





Fig. 2.—Ardisia crispa var. amplifolia Walker, var. nov.: a, Branchlet with fruiting 
inflorescences, <4; 6, fruit, X34. Drawn from a duplicate at the Arnold Arboretum 
of the type, Henry no. 9653. 


Ardisia Henryi var. Dielsii Walker, Journ. Arnold Arb. 15: 290. 1934. 
Based on A. Dielsii Léveillé. Handel-Mazzetti does not recognize this 
variety. 

Ardisia hortorum var. brachysepala Hand.-Mazz. Symb. Sin. Teil 7: 756. 
1936. Based on Handel-Mazzetti 10716 from Kweichow; bamboo 
thicket on a hill at Dodjie between Badschae and Duyiin; limestone 
of the subtropical zone, at altitude 700 m, July 13, 1917. The type has 
been examined by the writer. 

This variety differs from the typical form of the species in having longer 
and more slender leaves, these narrowly long-lanceolate, 12 to 20 cm long, 
1 to 4 em wide, the lateral nerves very clearly curved-ascending. 

Kwangsi, Kweichow, Szechwan, and Yunnan. 
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ARDISIA CRENATA Sims 


Ardisia crenulata Lodd. Bot. Cab. 1: pl. 2. 1817. Nomen nudum, based 
on cultivated specimens from China. 

Ardisia crenata Sims, Curtis’s Bot. Mag. 45: pl. 1950. 1818. Proposed as 
a new name for A. crenulata and accompanied by a description. 

Ardisia lentiginosa J. B. Ker, Bot. Reg. 7: pl. 583. 1821. Proposed as a 
change of the name A. crenata Sims, because of A. crenata Roxb. Hort. 
Beng. 85. 1814. That name, however, was a nomen nudum until the 
publication of a description in Roxb. Fl. Ind. ed. Carey 2: 276. 1824. 
This name appears frequently in Japanese literature. 

Ardisia crispa (Thunb.) A. DC., as misapplied in Trans. Linn. Soc. London 
17: 124. 1834; DC. Prodr. 8: 134. 1844. DeCandolle trans- 
ferred Bladhia crispa Thunb. but described A. crenata Sims, which he 
placed as a synonym. 

An erect shrub or undershrub up to 1.5 m high, the glabrous stem usually 
unbranched except for the special flowering branches; leaves chartaceous or 
coriaceous, elliptic-lanceolate or oblanceolate, acute or acuminate, 6 to 20 
cm long, 2 to 4 em wide, generally crisped or undulate, with large albumi- 
nous marginal glands, glabrous, usually raised-punctate at least beneath, 
very sparingly lepidote below, the lateral nerves 12 to 18 pairs, uniting into 
a generally distinct marginal nerve, this sometimes hidden beneath the re- 
curved edge; inflorescences simple or compound, subumbellate or cymose, 
terminal on special lateral or axillary branches about 10 em long, these 
sometimes up to 16 cm long or longer, bearing a few leaves generally only 
at or near the curved apex, but sometimes scattered, glabrous; flowers 
white or pink, 4 to 6 mm long, the sepals 1.5 mm long, oblong-ovate, rounded 
or obtuse, scattered-punctate, the anthers distinctly punctate on back; 
fruit 5 to 8 mm in diameter, punctate. 

Japan to southern continental Asia. 


PALEOBOTANY.—Some American fossil plants belonging to the 
Isoetales.. Rotanp W. Brown, U. S. Geological Survey. 


In 1889 Lester F. Ward? described at length but did not name some 
sunflowerlike rosettes from two localities in the Fort Union formation 
(early Tertiary) along the Yellowstone River, respectively 12 miles 
above and 28 miles below Glendive, Mont. In The synopsis of the 
flora of the Laramie group published in 1886, he had already alluded 
to these fossils as ‘‘singular cryptogams.”’ Not, however, until 1915, 
in Glimpses of the Cosmos, a posthumous volume, did he name them 
Xantholithes propheticus. 

The general superficial appearance of the more perfect of these 
specimens is that of a flower having numerous long, narrow rays 
attached to a small circular center, the whole sometimes attaining 
a diameter of 30 cm. The rays are 2 to 3 mm in width for most of 


1 Published by permission of the Director, Geological Survey, Department of the 
Interior. se March 1, 1939. 

2 Warp, Lester F. Remarks on an undescribed vegetable organism from the Fort 
Union group of Montana. Amer. Assoc. Adv. Sci. Proc. 37: 199-201. 1889. 
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their length but terminate in a spatulate, blunt-pointed expansion. 
The particular feature that immediately arouses special interest is 
the presence of two parallel, closely-spaced rows of squarish cavities 
or protuberances, depending on the specimen, through the middle 
of the spatulate expansion and for some distance in the remainder of 
the ray. Ward reported these squarish outlines as being arranged in 
pairs; but examination of numerous specimens shows that alterna- 
tions are not rare. The spatulate end of the ray has a smooth, lateral 
flange, which, along the narrower portion toward the base of the ray, 
becomes an undulate ribbon or ruffle. Because portions of the rock 
matrix remained in the depressions of the undulations of this ruffle 
when the specimen was uncovered, the ruffle appears broken, and 
Ward supposed that the margin of the ray was toothed. In the speci- 
mens seen by Ward the margin is entire; but a Cretaceous species 
I collected just east of the ghost town of Cumberland, Wyo., during 
the field season of 1938, has a serrate margin around the spatulate 
end of the ray. In regard to the surface pattern, Ward reported that 
“examination with a high power reveals the presence of a continuous 
epidermal membrane composed of hexagonal cells.” Fig. 4 shows the 
surface pattern magnified 13 times, but the cells are square to rec- 
tangular, not hexagonal. 

In order to determine the affinities of this organism Ward sought 
the opinion of many eminent paleontologists, botanists, and zoolo- 
gists, with no very definite results, some even suggesting the possibil- 
ity that the fossils might represent an animal, not a plant. The latter 
supposition is not altogether fantastic when viewed in the light of 
remarkable coincidences or resemblances. Thus, in 1900 John M. 
Clarke* described a marine organism from the Devonian of western 
New York as Paropsonema cryptophya, a supposed echinoderm. 
Clarke’s figures are, however, not so suggestive as they might be if 
they illustrated U. 8S. National Museum specimen 62948 taken from 
the Ithaca member of the Portage group (Upper Devonian) in the 
excavation for the library at Cornell University. This almost perfect 
specimen is so much like the rosettes here being discussed that, did 
the specimens not occur in totally different environments and at 
widely separated moments of geologic time, they might, on hasty 
or superficial examination, well be confused. 

Ward, however, himself concluded: 

I am disposed to regard it as a “comprehensive type’”’ of vascular crypto- 


® CLARKE, Jonn M. Paropsonema cryptophya, «pour echinoderm from the in- 


tumescens zone (Portage beds) of western New York. ew York State Mus. Bull. 39: 
900. 


172-186, pls. 5-9. 
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gamic life, embodying some of the characters of several well-known living 
types, viz., 1. The large tufted central base is suggestive of most species of 
Tsoetes, and the long weak stems [rays] of certain of these species are ob- 
served to recline and lie prostrate in all directions around this center. 2. 
The double row of spore-cases [median cavities] at the apex of the stem [ray] 
agrees in all essential respects with that of Ophioglossum, and the elliptic 
expansions may be regarded as homologues of the larger blade-like fronds 
of that genus, which may easily be imagined to have the spores borne along 
its median line instead of on a special fruiting frond. 3. The prostrate 
sinuous habit is not widely unlike that of certain creeping species of Lyco- 
podium.... 4. A still further approach is seen in Selaginella where the 
scales have become distichous and the stems flat and closely creeping... . 
5. Finally, ignoring the appendicular organs of Marsilia, we see in the fruit- 
bearing portion a further analogy to our fossil, the fruiting stems [rays] 
radiating from the thickened base and bearing the spores at their apex. The 
fossil would thus represent a highly generalized type and may be phylo- 
genetically related to all these more specialized modern forms with each of 
which it seems to possess some characters in common. 


In his reply dated August 2, 1888, to Ward’s request for suggestions 
as to the affinities of this organism, Leo Lesquereux made two pene- 
trating observations. First, the organism looked like that described 
by J. W. Dawson in 1883 as Carpolithes horridus. Second, the long 
slender ‘“‘branches”’ are “‘peculiar organs of floating plants.’’ Coming 
close to the latter idea also was the reply by W. G. Farlow, dated 
July 31, 1888, who inquired, ‘‘Have you considered the possibility 
of it being a whorl of inflated leaves like those of the upper portions 
of some Utriculariae?”’ 

Dawson conjectured that his specimen, described and figured in 
1883 as from Cretaceous strata on the Peace River in northeastern 
British Columbia, was a “‘compound fruit perhaps of some cycada- 
ceous plant, covered with bracts and rudimentary leaves.’”’ The figure, 
if faithfully drawn, represents an imperfect specimen, showing none 
of the spatulate ends of the rays. In 1886 Dawson renamed his original 
specimen Antholithes horridus and reported additional fragmentary 
material from Cretaceous strata [Kootanie series, according to Daw- 
son] on Old Man River, southwestern Alberta. He reiterated their 
reference to the Cycadaceae. 

Ward never published an illustration of Xantholithes propheticus; 
but this lack was met by Knowlton in 1923, Cockerell in 1924, and 
Berry in 1935 (see synonymy of Jsoetites horridus for references). 
Knowlton was concerned with a specimen from the Green River 
formation (middle Eocene) in Colorado, which he confidently referred 
to Danaea. That specimen is a fragment; consequently, when Cock- 
erell in 1924 described a better specimen from the Wind River Basin 
of Wyoming as an Ophioglossum, Knowlton began to have doubts 
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about his specimen being a Danaea, and agreed with Berry, who in 
the meantime had received additional material from Wyoming, that 
none of these specimens were Ophioglossum but were probably related 
to Ward’s Xantholithes propheticus from the Fort Union formation. 
However, in a letter dated December 15, 1924, Knowlton remarked 
to Berry that, because his fragment of Danaea lacked the prominent 
flange displayed by the terminal portions of Ward’s Xantholithes 
propheticus, it was likely that his Danaea was after all a different 
thing. In 1930 Berry reviewed the whole matter, calling all the Wyo- 
ming and Colorado material simply “‘sporophylls” and suggesting 
that these organisms ‘‘might represent a relict form of some member 
of the Williamsoniales.” In 1934 I also reviewed the situation insofar 
as it concerned the Danaea specimen from the Green River formation 
and suggested that it be considered tentatively as distinct. With 
most of the specimens referred to in the discussion up to this point 
before me and with new collections made during the past few years 
of field work in Montana, Wyoming, and Colorado, I am now of the 
opinion that all these organisms are congeneric and represent species 
belonging to the Isoetales. The basis for this opinion will be apparent 
after considering the evidence derived from a reexamination of some 
features of the specimens and bringing all information about these 
organisms up to date. 

The epidermal pattern of rectangular cells covers the entire surface 
of the rays uniformly; that is, it may be observed not only on the 
smooth surface but in the median depressions and protuberances of 
the “spore cases’? and the undulations of the marginal ruffles as 
well (Fig. 4). If the median squarish outlines were indeed spore cases, 
these areas should display a somewhat broken or heterogeneous sur- 
face; but this is not the case; the surface is a homogeneous pattern 
throughout. I conclude, therefore, that these rays were leaves with 
crispate or wavy membranous margins in the basal portions and with 
midsections that carried a double row of undulations that may have 
been sharp wrinkles or the external outlines of internal air sacs, 
which, on fossilization, collapsed, leaving a series of squarish cavities. 





Figs. 1, 2, 4, 5.—Jsoetites serratus Brown, n. sp. Figs. 1 and 2 show dichotomous 
roots Sarai the rosettes of leaves. Fig. 4 shows the surface pattern of a leaf, X13. 
Fig. 5 is the spatulate end of a leaf showing the serrate margin, the ruffled, mem- 
branous, lower margin and the parallel rows of median squarish depressions, X2. From 
the Frontier formation (Upper Cretaceous), 1 mile east of Cumberland, Wyo. 

Figs. 3, 6.—Isoetites horridus (Dawson) Brown, n. comb. Fig. 3 shows a section of 
the corm, a set of spirally arranged leaf scars, and a circle of sporangia, mi (micro- 
sporangia), me (megasporangia), at the bases of an outer whorl of leaves, X3. From 
the Fort Union formation (early Tertiary) on Poison Spider Creek, 35 miles west of 
Casper, Wyo. Fig. 6 is the spatulate end of a leaf showing the entire margin, X<2. 
From the Fort Union formation on the Yellowstone River at Burns Ranch, Mont. 
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It should be noted that the outside margins of these median undula- 
tions are not so sharp as those on the inside but generally fade im- 
perceptibly into the broad marginal flange. There is no trace of vena- 
tion in these leaves, except for a thickened median line that may have 
been a structure analogous to a midrib. Transverse to this “midrib,” 
especially in the proximad portion of the leaf, are scattered bars that 
may have been internal septa. 

The plant with its radial arrangement of leaves constituted either 
a floating rosette or one that was close to the soil or mud in a well- 
watered situation. In the specimens (Figs. 1, 2) from the base of the 
Frontier formation in Wyoming I found immediately beneath the 
rosette a radiating system of dichotomous, filiform organs that appear 
to have been roots. The leaves of the rosette were attached spirally 
to a very much shortened, thick, upper portion of a stem or corm. 
This is clearly shown in a specimen (Fig. 3) which I collected in 1936, 
together with much material of the separate, broken leaves, from 
the Fort Union formation on Poison Spider Creek, 35 miles west of 
Casper, Wyo. At Burns Ranch, Mont., Xantholithes propheticus is 
associated on the same slabs of rock with Trapa? microphylla Les- 
quereux, a hydrophyte with a floating rosette and submerged, fim- 
briate, filiform leaves, anchored by a threadlike stem or root.‘ 

Finally, the specimen (Fig. 3) from Poison Spider Creek also for- 
tunately preserves the clue to the identity of all these specimens. 
At the bases of the leaves are elliptic bodies of two kinds, one filled 
with large cavities (me) that were once occupied by rounded objects 
having ridges and a variety of surface sculpture, the other filled with 
cavities (mi) only one-third or one-fourth the size of the former and 
once filled with rounded objects that appear to have been compara- 
tively smooth. The comparison of these elliptic bodies and their 
contents with the sporangia and the megaspores and microspores of 
Tsoetes is obvious and is strengthened when the entire anatomy of the 
fossils and their habit are compared with those of Jsoetes. 

The interested reader will find a detailed discussion of the quill- 
worts, Jsoetes, in Pfeiffer' and Clute.* It will be sufficient for the 
present purpose to cite only the facts that may apply to the speci- 
mens under discussion. 

Isoetes is essentially a rosette of numerous, short, rushlike, pointed 

‘ Brown, Rotanp W., and Houtpswortsu, Epaar. The fruit of Trapa? micro- 
phylla Lesquereuz. This JouRNAL 29: 36-39, figs. 1-9. 1939. 

5 Preirrer, Norma. Monograph of the Isoetaceae. Ann. Missouri Bot. Gard. 9: 


79-232. 1922. 
*CLure, Wittarp N. The fern allies. New York 1905. 
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leaves, with sporangia in their axils, attached spirally to a very com- 
pact 2- or 3-lobed corm from the hollows of which arise many dichot- 
omously branched roots. A single collateral bundle runs through the 
center of the leaf, and this, together with some surrounding tissue, 
separates the hollow interior into four parallel chambers having many 
cross partitions. Proximad the leaves have membranous margins, 
and on the inner face near the base they carry a little flap of tissue 
called a ligule. The surface pattern is a homogeneous fabric of rectan- 
gular cells. Only the outer, earlier whorls of leaves produce sporangia, 
the outermost producing megaspores, the inner, microspores. Both 
are produced on the same plant, but in some species at different sea- 
sons. The megaspores can be seen with the naked eye, but they are 
generally 10 to 20 times larger than the microspores. The megaspores 
are white, divided equatorially by a ridge into two hemispheres, one 
of which is no farther divided, but the other is divided by ridges into 
three nearly equal triangular areas. The surface is variously patterned 
with spines, tubercles, pits, and serpentine forms, affording important 
features for specific identification. The microspores are somewhat ir- 
regularly oblong and have a smooth or slightly roughish surface. 
There are about 50 species of Jsoetes, with representatives in most 
parts of the world, but in general each species is remarkably re- 
stricted. So far as habitat is concerned, they are classed as sub- 
merged, amphibious, and terrestrial. 

By comparison with the data just given, the fossils differ from all 
living species of Jsoetes in the following particulars: (1) The mega- 
spores are ohly 3 or 4 times the size of the microspores, unless the 
objects here called microspores are immature megaspores. (2) The 
leaves terminate in spatulate ends, with or without serrate margins. 
(3) As the specimens showing sporangia are fragmentary at the point 
where ligules should be looked for, nothing is definite as to the pres- 
ence or absence of a ligule. (4) The outline of the cross section of 
the corm, although somewhat irregular, shows no lobing. 

Fossils most similar to the American specimens have been described 
by Saporta’ from the Lower Cretaceous of Portugal as Jsoetes choffati, 
now called Jsoetites choffati (Saporta) Seward.* Reviewing the fossil 
Isoetaceae, Seward remarked that “if Saporta’s... species... is 
correctly determined. it is the oldest fossil member of the family id 
indeed the most satisfactory among the more than doubtful species 

7Saprorta, Le Marquis pe. Flore fossile du Portugal. Direct. Trav. Geol. 


Portugal, p. 134, pl. 24, fig. 2b, 9-11; pl. 25, figs. 5-8; pl. 27, fig. 6, 1894. 
8 SEWARD, A.C. Fossil plants 2: 66-68. 1910. 
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described as extinct species of Isoetes. . . . Such evidence as we have 
lends support to the inclusion of these Portuguese fossils in the genus 
Tsoetes, but apart from the fact that we have no proof of any con- 
nexion between the stems and supposed sporophylls, the resemblance 
of the latter to those of Jsoetes is, perhaps, hardly sufficient to satisfy 
all reasonable scepticism ” It is hoped that the skepticism, 
avowed by Seward in regard to Saporta’s Portuguese specimens, may 
now be removed by the evidence supplied from the American speci- 
mens reported here. As regards Saporta’s Jsoetopsis subaphylla from 
the Eocene of Aix-en-Provence, continued doubt as to its relationship 
with the Isoetaceae must be entertained. 

Although not founded upon very satisfactory material, the genus 
Isoetites Miinster seems to have precedence and to be most appro- 
priate for the fossils here under consideration. I distinguish two 
American species: [soetites serratus Brown, with spatulate leaf ends 
having serrate margins, and Jsoetites horridus (Dawson) Brown, with 
spatulate leaf ends having entire margins. 

To E. W. Berry and W. R. Maxon I am grateful for specimens and 
an exchange of ideas concerning these fossils. 

All specimens figured here are in the U. 8. National Museum. 


Isoetites serratus Brown, n. sp. Figs. 1, 2, 4, 5 


Rosettes of narrow, strap-shaped leaves with spatulate ends having a 
serrate margin. The margin of the narrow portion of the leaves is entire, 
membranous, and ruffled. The median line of the leaves is marked by two 
parallel, closely spaced rows of squarish cavities or protuberances, depending 
on the specimen. Immediately beneath the rosette of leaves is a radiating 
system of dichotomously branched roots. The leaves and roots are attached 
to a rounded, compact corm. 


This species differs from Jsoetites horridus (Dawson) Brown chiefly in 
having a serrate margin around the spatulate ends of the leaves. Whether 
some other Cretaceous specimens now synonymized with J. horridus should 
be included with J. serratus is a question that can be decided only when 
better-preserved material from those localities is found. 

Occurrence-—Base of the Frontier formation (Upper Cretaceous), in 
shales weathering white, exposed in a bluff on the south side of Little 
Muddy Creek, 1 mile east of Cumberland, Wyo. (Figs. 1, 2, 4, 5). 


Isoetites horridus (Dawson) Brown, n. comb. Figs. 3, 6 


Carpolithes horridus Dawson, Roy. Soc. Canada Trans. 1 (sec. 4): 21, pl. 1, 
figs. 3, 3a, 36. 1883. 

Antholithes horridus (Dawson) Dawson, idem. 3 (sec. 4): 7. 1886. 

Vegetable organism, Ward, Amer. Assoc. Adv. Sci. Proc. 37: 199-201 
1889.— Idem, 6th Ann. Rept. U. 8. Geol. Surv.: 534, 544. 1886. 
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Xantholithes propheticus Ward, Glimpses of the Cosmos, p. 150. 1915.— 
Berry, Geol. Surv. Canada Mem. 182: 65, pl. 20. 1935. 

Williamsonia marylandica Berry, Upper Cretaceous, Maryland Geol. Survey, 
p. 769, p. 51, figs. 5, 6. 1916. 

Danaea coloradensis Knowlton, U. 8. Geol. Surv. Prof. Paper 131: 150, 
pl. 36, fig. 4. 1923.—Berry, Torreya 24: 49. 1924.—Brown, U. 8. 
Geol. Surv. Prof. Paper 185—C: 52. 1934. 

Ophioglossum hastatiforme Cockerell, Torreya 24: 10, with text fig. 1924. 

Xantholithes hastatiformis Cockerell, Torreya 26: 10. 1926. 

Sporophylls, Berry, U. 8. Geol. Surv. Prof. Paper 165: 78. 1930. 


This species is morphologically similar to Isoetites serratus Brown, except 
that it appears to be represented by larger specimens and has entire margins 
around the spatulate ends of the leaves. The specimens from Poison Spider 
Creek, Wyo., in addition show sporangia in the axils of the leaves, the only 
American examples so far reported. These are similar to Jsoetites choffati 
(Saporta) Seward from Portugal, but as the latter species is not represented 
by specimens showing the character of the leaf ends, it is not possible to 
make further comparisons between it and the American species. 

It may be that I have included in the synonymy some names attached 
to fragmentary material which when better material from the same localities 
or formations is found may necessitate some reallocations. In the meantime 
the books will be cleared of a number of names now given to several in- 
complete specimens. 

Occurrence.—In Cretaceous (according to Dawson), on forks of Pine 
River and Peace River, British Columbia; Kootanie series (according to 
Dawson), on middle branch of north fork of Old Man River, southwestern 
Alberta; Mentor formation (Lower Cretaceous), 8 miles south of Hanston, 
Hodgeman County, Kans.; Magothy formation (Upper Cretaceous), Little 
Round Bay, Anne Arundel County, Md.; Tullock formation (early Ter- 
tiary), on Moon Creek, 10 miles west of Miles City, Mont.; in carbonaceous 
shales (early Tertiary) in North Dakota, 3 miles north of Watauga, South 
Dakota; Fort Union formation (early Tertiary), on Poison Spider Creek, 
35 miles west of Casper, Wyo. (Fig. 3); idem, west flank of Cedar Creek 
anticline, 12 miles southwest of Glendive, Mont.; idem, left bank of Yellow- 
stone River at Burns Ranch, 28 miles northeast of Glendive, Mont. (Fig. 6); 
Ravenscrag formation (early Tertiary), northwest sec. 35, T. 5, R. 1 W. of 
3d meridian, Saskatchewan; probably Wasatch formation (Eocene), south- 
west } sec. 18, T. 6 N., R. 4 W., north of Tipperary, Wyo.; Green River 
formation (middle Eocene), Rio Blanco County, Colo. 
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PROCEEDINGS OF THE ACADEMY AND 
AFFILIATED SOCIETIES 


BOTANICAL SOCIETY 


290TH MEETING 


The 290th regular meeting was held May 3, 1938, in the assembly hall of 
the Cosmos Club, President Gravatt presiding; attendance 85. Morris A. 
HUBERMAN was elected to membership. 

Notes and Reviews.—M. C. Merriuu called attention to the Boysen 
berry, which was advertised as being adapted to Eastern United States. 
Kenneth Raper called attention to the program of the Virginia Academy 
of Sciences being held May 5, 6, and 7 at Blacksburg, Va. 

Program.—Wa.tTER T. SwineGLe: New methods utilized in studying the 
taxonomy of the orange subfamily. (Albert H. Tellison demonstrated 
microtome sections of flowers from herbarium material.) In 1918 Prof. H. 
O. Juel, of the University of Uppsala, Sweden, published a taxonomic study 
of the plant family Rosaceae. He had to use herbarium material for some of 
the genera and devised a method of restoring dried flowers and young fruits 
by softening them, first in hot water, then in hot dilute ammonia. This 
material was then dehydrated, imbedded in paraffin, and cut into serial 
microtome sections. 

With the skilled assistance of A. H. Tillson, Dr. Swingle has used Juel’s 
method with good results in a taxonomic study of Citrus and related genera. 
Some 150,000 serial sections were made, mostly from herbarium material. 
Juel’s method has been improved in some details; for instance, by treating 
the softened and swollen material with a suitable fixative before dehydrat- 
ing it. Very hard material was desilicified and softened by treating carefully 
with the proper strength of hydrofluoric acid, which has been used so effec- 
tively by Prof. E. C. Jeffrey. All these treatments were carried out in such 
a manner as to permit the best and most brilliant double staining of the 
tissues. This improved method made it possible to work out a new classifica- 
tion of the orange subfamily Aurantioideae and to add several new genera 
and a few new subtribes that permit a natural arrangement of all the genera. 

Lantern slides were shown of longitudinal and cross sections of flower buds, 
flowers, and young fruits taken from herbarium specimens. Doubled-stained 
permanently mounted microtome sections of such material were demon- 
strated with a compound microscope. 

Haic DerMen: Cytological analysis of polyploidy induced by colchicine 
and extremes of temperature. The methods of inducing polyploidy in the 
meiotic and somatic cells of Rhoeo discolor with colchicine and temperature 
changes were described. Gross and cytological observations were pre- 
sented concerning somatic changes brought about by colchicine treatment 
of the Rhoeo flower parts. It was found that colchicine enters tissues and 
inhibits cell division, while the nucleus and cell volume may increase, pre- 
sumably, as long as colchicine is present in sufficient quantity to be effective 
until such an increase is checked by some other factors. 

Colchicine is effective on both premeiotic and meiotic cells. Pollen mother 
cells derived from affected premeiotic tissue may be 4n, 8n, or higher, de- 
pending upon how young the treated buds were at the time colchicine was 
applied and how many times division in the premeiotic cells has previously 
failed before being differentiated into meiotic cells. By affecting normal pol- 
len mother cells, either diploid pollen grains are produced if the effect of 
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colchicine is after reductional division or tetraploid pollen grains if the effect 
is before reductional division. The treatment was apparently ineffective in 
causing chromosome doubling in microspores. 

The immediate result of temperature treatments was the same as that of 
colchicine. However, it was shown that the effect of temperature changes is 
immediate and not extended, as is usually the case with colchicine. Here lies 
the most important difference in the effects of these two methods. It was 
suggested that temperature effect may be more specific on chromosomes, 
while colchicine effect may be more specific on cytoplasm. 

Evidence was presented to account for the fact that by temperature- 
treatment the percentage of polyploid seeds in heat-treated material is small, 
and an attempt was made to account for the rarity of polyploidy occurring 
in nature. 

In temperature-treated material, fragmentation, fusion, and chromatin 
bridging occurred. It was suggested that clumping brought about by 
temperature treatment is responsible for these features. 

Some suggestions were presented for plant breeders who are interested in 
doing experiments in polyploidy. 

Eric Hutten (Curator of Herbarium, Lund, Sweden): Flora of Alaska. 


291sT MEETING 


The 291st meeting was held October 4, 1938, in the assembly hall of the 
Cosmos Club; President Gravatt presiding; attendance 90. 

Notes and Reviews.—M. B. Waits exhibited seeds from bamboos growing 
at Stony Run near Baltimore. He also stated there was a large crop of 
persimmons this year although other fruit crops were small. The persimmon 
blooms in June. It ripened in September in southern Maryland one month 


before frost. 

Frank Thone exhibited several new books: Herbals, by Agnes Arber; 
The world was my garden—Travels of a plant explorer, by David Fairchild; 
Textbook of general botany, by Hollman and Robbins; Ferns of Southeastern 
States, by John Kunkel Small; Tree growth, by D. T. MacDougal; Flora of 
Costa Rica, publication of the Field Museum; Famous trees, a U. 8. Depart- 
—_ - Agriculture publication; Textbook of pharmaceutical botany, by H. W. 

ounker. 

Program.—Wi.u1aM A. Dayton: Ecology of western range plants. The 
U.S. Forest Service is primarily concerned with a multiple-use land problem, 
in which forest, range, wildlife, recreation, water, sociological, and other 
phases must be correlated and integrated. Nearly 40 percent of the land 
area of the United States (728 million acres) is in range, of which about 90 
million acres are in national forests. Forest Service range research is chiefly 
concentrated at six forest and range experiment stations. Range vegetation 
is chiefly composed of over 10,000 species of flowering plants, about 1,000 
of which are “key” piants, on which adequate range management must 
primarily depend. The approach to their study is an ecological one. Pub- 
lished research on range plants, in addition to the strictly economic phases, 
physiology and chemistry, thus far largely concerns succession, methods of 
reproduction, life history, indicator values, and reaction to biotic factors. 
Use of the quadrat to help solve land-management problems appears to have 
— initiated in 1907 in range studies on the Wallowa National Forest, 

regon. 

L. F. Martin: Proteins in healthy and mosaic tobacco. Developments in 
plant virus investigations leading to the isolation of paracrystalline and 
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crystalline virus nucleoproteins were reviewed briefly. The problem of virus 
multiplication has thus become a problem of protein synthesis. The nature 
of this synthesis i is still obscure, as revealed by recent speculations of Berg- 
mann on the “organizer hypothesis” and his suggestion that all proteins are 
their own organizers. 

The unusual resistance of native virus nucleoprotein to tryptic digestion 
makes it possible to estimate the amount of this substance in whole plant 
tissue, and to determine its rate of synthesis and relation to the normal 
protein fraction. Results of a preliminary study of the changes during the 
course of infection show that displacement of normal proteins by virus pro- 
tein occurs only during the first three to five days after inoculation. Follow- 
ing this there is a very rapid accumulation of virus protein, accompanied by 
increased production of total proteins, so that the virus protein is present in 
excess of the normal proteins. During the later stages until maturity the 
amount of virus protein diminishes gradually. Further work along these 
lines is required to explain the mechanism of these changes involved in the 
production of virus in the host. 

G. R. FessenpEN: Preservation of plant color in plant specimens. This 
process has been in development for 13 years and is still not yet out of the 
experimental stage. It consists essentially in immersing fresh plant material 
in complex viscous mixtures, which tend to set pigment colors and fix tis- 
sues, at the same time removing cell-sap. A wide range of formula modifica- 
tion is necessitated by individual biochemical differences of various types of 
plants. When pigments and tissues have thus been preserved, specimens are 
sealed between cellulose films (or between glass and film) so as to be pro- 
tected from mechanical injury and damage from insects or mold. Mounts 
= provided with backgrounds that may be hinged to allow viewing of both 
sides. 


Specimens thus preserved and mounted are suited for museum display; 
herbarium reference use; agricultural records and demonstrations (especially 
for plant breeding, pathological conditions, and nutritional deficiencies); 
educational use in class rooms and libraries; horticultural exhibits; plant 
exploration. 


Auice M. ANDERSEN, Secretary 











